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ABSTRACT

The purpose of this study is to evaluate the feasibility and applications of a surveillance system which

tracks lbood mercury and fistissue mercury. Issues encountered in setting up a novel surveillance system

to track and evaluate Loui si an-disSue merauslewklsard i al
presented here along with the results of a prelimirewiew of these data. The quality and scope of
existing health and environmental databases were evaluated and assessel@vebpisiportions of above
background blood mercury cases were calculated and mapped. Sapdisizespecific fishtissue

samping sites were mapped and mercury levels were interpolatedtifssie mercury interpolations were
overlaid with parisHevel proportions of above background blood mercury cases to identify areas where
consumption of local fish may be contributing tothlyjood mercury case rates. Based on these results,
recommendations for an outcorhased public health action plan were developed. Limitations and issues
encountered during the development of this novel surveillance system are discussydterhgreseat!
holds promise foidentifying areas where fish consumption may potentially play a part in elevated blood
mercury levels, and areas where biomonitoring may be nece€sarg limitations ar addressed, this
surveillancesystem will enable identificatiomanking, and prioritization of geographic areas of potential

bl ood r

concern; targeted outreach and biomonitoring to communities of potential concern; and more efficient use

of available resources allocated for prevention and intervention efforts. Use of this tbhe longterm,
may ultimately reduce mercury exposures, and subsequently, adverse melate health effects.

INTRODUCTION

The Louisiana Department of Health and HospitaBHH), Office of Public HealtfOPH), Section of
Environmental Epideinlogy and Toxicolog{SEET)was awarded fundsy the Association of State and
Territorial Health Officials (ASTHOJo conduct a demonstratigmojecttrackingblood mercuryandfish-
tissue mercury level3here exists amplevence that fish consumptiasithe primary mode of nen
occupational mercury exposure. This building evidence has prompted public ¢@asceencury is one of
the top ten causes of waterbody impairmaritauisiana (LA)(EPA, 2002) and fishing and seafood
consumption are importantenomic and recreational activities to LA residents.

This tracking project was proposed in resg® tothis building public concern; batiso in response to the
results of dish consumption survegonducted by SEET ih998and 2003To determindf regionalfish-
tissue mercury leveland fish consumption patterns presented a public health conté&898fish
consumptiorsurvey responsemnd blood samplesere obtained from 313 individuals residing near
mercury advisory areaSignificantly high blood rarcury levels were found in individuals associated with

commercial fishing and those reporting increased fish consumption. Of the residents participating, 7% had
a blood mercury | evel >10 ug/ L, which iGDCOthe US Cent e

clinical case definition for metey poisoningln 2003, follav-up testing was conducted in a three parish
area 6 concernon 77 residentsRoughly 306 of 2003 survey participantsad a blood mercury level > 10
ug/L, the majority of whom reported e=gilocally caught fishoar e gul ar basi s (O 1

While a correlation had been demonstrated confirming the potential relationship between local fish
consumption and blood mercury levels, the geographic scope of this public health issue was.unkno
Althoughfish-tissue mercury samples had been collected throughout the state, very few blood mercury
samples were reportekh order b identfy areas of potential concern across the stat®uld be necessary

to collectblood mercury datéfom a larger populatioranddevelop astatewide environmental public health
surveillancesystemto track both blood and fistissue mercury level§ o address the need for statewide
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blood mercury datashanges in disease reporting requiremamse made in June oDR6 to require the
reporting of all laboratory results for cases of heavy metal exposure (arsenic, cadmium, lead, and mercury)
to SEET.

With recently acquired blood mercury reports, SEET is in a position to initiate development of a public
health enviromental surveillance system which will enable id#éedtion of areas of potentiabncern

SEET proposed to ASTHO to develop and evaluate an initial statewide surveillance system to track and
link fish-tissue and blood mercury data. Environmental publédthesurveillance systems should ideally
encompass measures of hazard, exposure and health impact.

Yet even with these indices it should be noted that most surveillance systems can serve only descriptive
functions for ecological analyses. If it is theafjof the surveillance system to determine causality,

etiologic studies must be conducted which require indices of exposure and other disease risk factors (e.g.,
confounders or effect modifiers). Given the cost of blood testing, scarcity of test remldtsf healttcare
access in rural areas, other indices will be magppefliture analysedt is anticipated that hazard,

exposure, health outcome and confounder ditdoe added when available to improvedisurveillance
system For instance, SEET hasllected information regarding the number of fishing permits allocated by
zip code and parish to identify areas with a high number of fishers who may be underrepresented in the
blood mercury databas@ther information which can be tracked include: agigidocations, fishing permit
counts, popular fishing locations/recreational areas, boat launches and marinas, and commercial fishing
employment and demographic facta¥ane of these indicators are by themselves ideal. For example,
while there is utilityin exploring the proximity of people with elevated mercury levels to fish sampling
areas, account needs to be taken for mobility and variety in fishing loca®btood mercury levels
represent total mercury from all exposures (e.g., occupationaleatsidish, etc.)and no speciated blood
mercury data exist to estimate blood methyl mercury levels (indicating exposures more likely due to fish
consumption)pther datao be mapped in future investigatiomsy include: industries locations, air and
water releasesand mercury spillsAs total mercury represents all sources of mercury exposure it is
important to account for other potential sourddselack of speciated blood mercury samples complicates
linkage and evaluation of these datderms of i&gntifying exposures due to fish consumption

As the relationship between fish consumption, blood mercury levels and adverse health outcomes have

been appropriately established in the literature, the primary goal of this surveillance system is to

geographcal |y target interventions such as fish advisor.i
areas of predicted high mercury fish tissue levels to reduce exposures and minimize population risk. Other
applications include policy (e.g., evaluating Hwpe and magnitude of the problem to decide whether a

statewide fish consumption advisory be issued), and public transparency or access to infdrortien.

refining of this surveillance system will be necessary to identifying other potential risksfac

The specific project objectives are to: 1) assess the quality and scope of existing blood-isglifish
mercury databasg®) uilize a Geographic Information System (GIS) to link patigpecific blood
mercury data to sitepecific fishtissue nercury data); 3) identify highisk groups (populations) and / or
geographical areas; addl make recommendations for an outceb@sed public health action plan to
address the issue of mercury exposure from local fish consumption.

METHODS

Blood MercuryData Analysis Data were compiled iMicrosoft Excel, proofread, edited and queried via
Microsoft Access to eliminate outliers of questionable data quality and ensure data consGésesywith
otherknownsources of mercury exposure (accidental spliscide attempts and occupational exposures)
were removed from the blood mercury databases analyzeddsexes with urine sampleshich are

known to be occupationaHselated were linked to the blood mercury database using personal identifiers to
remove occupationallyrelatedblood mercury samplekimitations to data applications were noted.
Summary statistics were calculated udit@version 2.8.1) and SAS (version 9.1). Summary statistics
(minimum and maximum; arithmetic and weighted mean$; 38", 80", 95", and 94 percentiles; and



variance and standard deviatiom@re calculatedSummary statisticdbox plots, bar plots, pairwise plots,
histograms, stripdrts andlistributionswere usedo analyze the datahere appropriate.

In order to @rive pariskspecific above background proportions, above background and clinical cases of

blood mercurypeioni ng in adults (O 15 years of age) and chil
SEET compared blood mercury test results to the clinical case definition for mercury poisoning developed

by the CDC(blood mercury level > 10 pgjLIn order to dfferentiate clinical cases from cases above

background, SEET compared blood mercury test results to the national background blood mercury levels

established by the CDC through its National Health and Nutrition Examination Survey (NHANES).

NHANES tests aandom sample of the U.S. population for a number of substances including mercury.

NHANES found that the 95th percentile of blood mercury levels are 1.9 pg/L in children 1 to 5 years of

age (1.4 2.9 ug/L Confidence Interval (Cl)), and 4.6 pg/L in womentd @9 years of age (3-:5.9 ug/L

Cl)). NHANES does not present background blood mercury levels for men. The upper confidence limit was

used to identify individuals with blood mercury | evel
chidren<15yeas; 06 Og/ L for adults O15 years). Based on th
according to blood mercury test results as present@dbie 1. Age- and pariskspecific proportions of

above background blood mercury cases (over tested) werdatatt

Table 1.Guidance Values for Blood Mercury Cases

Children <15yrs Adul t s o)

Background <3 <6
Above Background 3-10 6-10
Clinical Case >10 pg/L >10 ug/L

Fish-tissue mercurglata analysisLouisiana haset the screening value for fisilssue mercury

concentrations at 0.24 ppm for sensitive populations (children and women albehiidg age or nursing),

and at 0.72 ppm for the general public. This value i s
methylmecury and the assumption that 30 grams / day of fish is consumed. The screening values are used

to aid in the identification of areas where more intensivesgigzific monitoring and / or evaluation should

be conducted, and do not always indicate a heigkh Other factors such as fish length, consumption rate

and general availability should also be considered. The frequency of exceedance of the screening values

was used to categorize levels of concern for different species: species with greateetiwat to 50% of

samples exceeding the screening value for the general public and for sensitive populations were identified

as Nnof concernd. These categories have no regulatory
purposes.

GIS MappingDatawer e mapped wusi ng ES.RBldod mefcurgcaedwereDeskt op 9. 3
geocoded with the most specific locational data available in this order: patient address, patient zipcode,

patient city, patient parish, hospital address. After geocoding, patierd associated with their respective

parishes and paridkevel blood mercurgaseproportions were derivefbr those parisheswith 30 t est s
reported(count of parish level cases above background / count of parish level people tested)on the

Central Limit TheoremData for parishes witk 30blood mercury reportaere suppressed due to low

sample countParishes with at lea0 tests were retained to enable presentation of the potential linkage
proceduregven though above background proportions presented may not represent actud\yshrish

population proportion. Only 16ut of 64 parishes are represented with blood merasg proportions due

to small sample size.

Fishtissue mercury concentrations were mapped using sasppldfic geographic coordinatésiven the
geographic gaps in sampled sites, it was decided to map an interpolationtissiighmercury levels.

60 Natr al nei ghb ovastused to esdmate Gdlssaue nmercury levels in unsampled areas.

Natural neighbor interpolation is a method of constructing new data points via approximation based on a
discrete set of known data points, asithe most gemal and robust method of interpolation available to
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date.Interpolation enables the user to present the data as isopleth instead of choropleth which is prone to
areal bias. Attributing average mercury concentrations to management units such as paratias oray
conceal specific waterbodies with high and low-fiissue mercury levels and this can impact

interpretation As almost 20 percent or, 877 square miles of the states, 566 square miles of larateais
covered bywater, interpolation may be e$ul for estimating fisHissue mercury concentrations related to
non-point source mercury.

Due to the high sample number, it was possible to restrict data to one species of defined length to reduce
sample variabilityTo identify a good indicator spesiéor evaluating spatial variability, it is important to
identify a higher trophic leveahat typically bioaccumulate greater mercury levels. Indicators should also
havehigh sample counts, a large percentage of mercury detections, widespread spatiahtaoa, low
migration (resident), and a strong lengtiercury relationshiphat varies based on where samples are
collected Based on the specispecific summary statistics, the predator festgémouth bas@nicropterus
salmoide} has a high percentag@f mercury detects (>0.001 pprthe highest sample count; and the
greatest number of sites from which samples were taken. Largemouth also digttapg é&engthmercury
relationship that varies by waterbody. Largemouth bass ipalsivorous, pelagiand residentgroups

that have relatively higher fistissue mercury leveldt.argemouth bass is a primary target species at all
sites as they are known for their propensity to accumulate mercury, and are widespread and abundant.

Largemouth bass (283 cm) was selected for mapping as this species are thefmeggently sampled,

have a large percentage of mercury detections, widespread spatial representation, low migration (resident),

and a strong lengtmercury relationshipSites with at least ten satap of largemouth bass ranging in

length from 29 to 43 cm were mapped to determine if geographic coverage for this stratified group is

adequate for trend identification. Spatial coverage was deemed adequat®08tsdmples of 697

individual largemouttbass (2943 cm) collected from 217 sampling stations in 89 different waterbodies

located within all river basing. nt er pol at i ons we r $patial Analgsis and Batisians i ng EPAS
Assistance software Version 4.1.50 (SADJESRI Spatial Analyst Bension forArc GIS Desktop

9.31

Fishttissue mercury interpolations were overlayed with pasgécificproportions of above background
cases tdotal ested to identify areas where fishsue hotspots coincided with high blood mercury
proportions.

RESULTS

Database Assessment

Assessment of Resident Blood Mercury Database

In June of 2006, changes in disease reporting requirements mandated that healthcare providers report all
laboratory results for cases of heavy metal exposure (arsenic, cadeadiand mercury) to SEEBEET
receives an average of Iab reports for mercury weekly. Since mandatory reporting was initiated, over
2000 mercuryrelated laboratory records have been received to dateO@2)2 Due to the lack of loatgrm
laboratoryreports, an accurate assessment of temporal trends is not yet possible. Variables reported
include: provider name and address, lab results and sample collection date, patient date of birth, age and
sex. Name of employer, patient address and telephone nuamileexposure details are available for some
cases. Cases with blood mercury levels > 10 ug/L are investigated. Investigations include review of medical
records and interviews with health care providers and patients to determine source of exposgns and si
and symptoms. For mercury poisoning cases where fish consumption is the reported source of exposure,
detailed information on frequently consumed species, amount consumed, and location if caught
recreationally, is collected and added to the datalbésst of those interviewed were exposed to mercury

via fish consumption though not all fish consumed were locally caught.



Assessment of Fishissue Mercury Database

SEET, in collaboration with the Louisiana Department of Environmental Quality (LDEQbgeeas

tracking mercury levels in fish, a core environmental public health indicator, since 1994 when the state
legislature allocated funding for a statewide mercury progfdra.LDEQ hagollected 14,246 fistissue
samplesomposited from 40,778 fish aid species of fish and shellfish. Samples were collected at 652
sampling stations in 371 waterbodies and all twelve major river basins in the state for the purpose of
determining the nature and extentoffish ssue mer cury cont awdterways.i on wi t hi n
Fish/shellfish tissue samples are primarily collected in areas where contamination is suspected or known,
and popular fishing spots. Information collected for each fish tissue sample indatiesf collection,

species, length, weight, mercurgncentration, and sample locations (latitude/longitude coordinates).
Variable coverage for all samples (n=>14,000) is 100%. Approximaf@dplsamples are collected every

year, and results are maintained in a comprehensive dat&lmasposite samplesamade from two or

more fish of the same species, age and weight class in cases where fish tissue collected from one fish was
not enough for accurate mercury detection. The variance Htiisiie mercury levels within composites
averaged six percent.

Data Summary

Summaryot oui si ana6s Bl ood Mercury Levels

This review evaluated,062blood mercury test results reported to SEET betvild®f2007and 7/2/2009

Figure 1 presents the distribution of blood mercury concentrations for individuals tégipahximately

4% of individuals tested were abovhei Itdhree maand n&d Gag/clk
adults) Adults have higher blood mercury concentrations in general possibly due to the effects of

bioaccumulation.

Figure 1. Distribution of Blood Mercury Concentrations for Louisiana Individuals Tested
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Blood mercury levels were reported for approximatelgut of 10,000 people in Louisiana. Individuals
with blood mercury levels within NHANES background ranges (<3 pg/L for children<énpg/L for
adults) comprised approximately 96%tbétested populatian

Figure 2 shows how the tested population differed from the state population in terms ®Eatieg was
biased towards older individualgth 9 out of 10,000 individuals aged &8d older being tested compared
to 2 out of every 10,000 individuals 14 years or younger te€tizeén the skewed nature of testing
individuals suspected of exposutiee bioaccumulative nature of mercuayd the high proportion of



elderly tested, the te=d population is likely to have higher levels than the general populationrdgults
presented here for tested individuals are not representative gérieeal population.

Figure 2. NumberTested Per@,000LouisianaPopulationby Age Group
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In aneffort to determine parishes of potential concern, Louisiana parishes with a high proportion of above
background cases over tested (where baclkge ound is O3
identified among the parishes reportif@rishes wittabovebackgroundo r oporti ons of O5% abov
background blood mercury cases out of total tested were mapped, and may represent a starting point for

identifying areas of potential conceifhese include: Morehouse, Jefferson and East Baton RAogeg

the reporting parishesdviorehousgwith proportion 0f9% above background of total tesjdths been

identified in previous studies as an aoé@otential concermith respect to mercurfFigure 3). Jefferson

Parish (9%), East Baton Rouge (7%), Orle@3) andLafayette (5%) follow(Figure 3). These parishes

are all bordered bfish advisoryareasvhere commercial or recreational fiake likely to be consumed

(Figure 3).

Figure 3. Proportion of Above Background Cases of Total Tested by Parish
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*Parishes with less than 30 total test counts/samples for blood mercury
were not included in choropleth mapping. Insufficient sample size in these cases
can introduce sampling error (e.g., one extreme value out of five total tested can mis-repi or falsely g9
percent above background levels out of total tested, preventing a realistic parish comparison).

Summaryok o ui s i a-TissGesMereuryd dvels

A preliminary assessment of fifteen years of fiilsue mercury data revealsignificant spatial variation,
but nosignificant temporal variatierwhich supports aggregation of sample values over the period of
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collection (19942008).Figure 4 presents sites from which fish samples were collected between 1994 and
2008.

Figure 4. Fish-Tissue Sample Stations and River Basin Locations: -P8@8
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Note: Estuarine area data from the LA Department of Wildlife and Fisshe

Mercury was detectable in approximately 98.8% of the fish samples collected after 1996. The frequency
distribution for mercury concentrationsskewed tahe right (or positively skewed}igure 5).

Figure 5. Frequency Distribution of Fisfiissue Mercury Concentrations
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Four fish species comprised 59% of all fish samples taken up to the end of 2008: (1) largemouth bass, (2)
bowfin, (3) freshwater drum and (4) black crappie. These species also had the highest ntsandish

mercury levels amug the inland species sampldadble 2 presents sample counts and mean mercury

levels for these species. Largemouth bass comprised 29% of all samples collected; while bowfin,
freshwater drum and black crappie comprised 11%, 10%, and 9% respectively.



Table 2 Sample Counts and Mean Mercury Concentrations in the Most Frequently Sampled Speci29(8994

Arithmetic Weighted Max  Standard

% of % Sample  Site Fish Mean Hg MeanHg Hg Deviation Variance
Species Samples Detect Number Count Count (ppm) (ppm) (ppm) Hg Hg
Largemouth Bass 29 100 4121 4121 13630 0.43 0.39 2.44 0.32 0.10
Bowfin 11 100 1561 1561 2887 0.58 0.54 3.98 0.51 0.26
Freshwater Drum 10 99 1416 1416 2823 0.42 0.39 1.90 0.33 0.11
Black Crappie 9 99 1270 1270 4857 0.28 0.26 1.45 0.22 0.05
White Crappie 8 99 1106 1106 4160 0.27 0.24 4.37 0.25 0.06
Blue Catfish 7 98 1003 1003 2281 0.15 0.14 1.59 0.15 0.02

Note: Minimum fish-tissue mercury levels in all basins is 0.001 (the detection limit).

Twelve percent of fisttissue samples collected betswn 1994 and 2008 equaled or exceeded the screening
value for the general public (n;7R8); while 52% of samples equaled or exceeded the screening value for
sensitive populations (n457).Higher fishtissue mercury levels were observed in species céregoas
resident, pelagic, freshwater, and predatory.

Upon review of summary statistics for mercury conceiutng in species with more than ten samples,

species with O50% of samples exceeding the screening
species included: king mackerel (70% exceeded the general public screening value, n=86) and blackfin tuna

(69%, n=26)King mackerel and blackfin turere currently under a Louisiana advisory, along with cobia

and greater amberjack. King macker el is also |isted ¢
species had a majority below the general puddieening value.

Species with more than ten samples and with O50% of ¢
sensitive populations were also identifi&ing mackerel (98% exceeded the sensitive population screening

value, n=86)blackfin tuna (92%, n=26yreater arberjack (92%, n=36)xobia (84%, n=43)varsaw

grouper (83%, n=12}ppotted bass (80%, n=278pwfin (77%, n=1561)largemouth bass (70%, n=4121)

freshwater drum (65%, n=1416yhite bass (57%, n=228)armouth (53%, n=513ndbigmouth buffalo

(51%,n=266.

Figure 6 presentan interplation of fishrtissue mercury levels for largemouth bass43%m) from areas
where more than ten samples were collected. Presented hareas®f high (red / orange) and low

(purple / blue) average fidissue mercurydvels.Based on this analysisptspot areas exist in Pearl and
Ouachitabasins Contamination in the Pearl River prompted the legislature to fund a fish advisory program
in 1994.As with Pearl, many of the sampled sites in Ouachita are under adviaaohita wasalso

identified as a hotspot in the 1998 survBg accurate assessment of areas of potential concern near
estuarine and coastal waters could not be conducted given the need to restrict data in this analysis to a
freshwater species.
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Areas Where High Blood Mercury may be Attributable to High Hisisue Mercury

To identify areas whre high blood mercury may be attributable to consumption of fish with high mercury
levels, parisHevd proportions ofabove background blood mercuwgsesvere mapped and overlaid with
an interpolation of fisissue mercury concentrations of slizaited largemouth bag®29-43 cm)(see

Figure 7).

Themap overlay of environmental and headtirveillancedatagenerates number of research questions
for further study. Areaswhere fish consumption ddcal contaminated fish may contribute to high
proportons of above background cageay beidentified as those with) high proportions of above
background cases adlhigh fishitissue mercury level©nly Morehouse meets these criteria.

Additionally, areas in need of blood mercury testimgy beidentified as thos@arishesvith no or low
reported blood mercury tests but high fisdsue mercury concentrations. These parishes incRabsier,
Webster, Union, Claiborne, Red River, Natchitoches, Winn, La Salle, Evangeline, Jefferson Davis,
Vermilion, Ibaville, St. Helena, Tangipahp&rant Washingtorand Livingston. Increased surveillance of
these areas may be warranted.
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Figure 7. Proportion ofAbove Background Blood Mercury Cases of Total TestedReal and
Interpolated FistTissue Mercury Levelsof SpeciesSpecificSize Restrictedrish(LmB, 2943 cm)

DISCUSSION

Limitations

Blood Mercury Data

As testing for mercury is not part of routine clinical assessments and is conducted more often in areas and
populations with accessible healtheasurveillance results may be biased towards individuals who may

have been exposed to mercuwho have symptoms consistent with mercury toxicity, or who live in areas
where more blood mercury testing is conducted. The timing of testing is also ansi$doedalevels

change with regard to the time of exposure. Due to the indirect and delayed method of obtaining exposure
information, some exposure information may be incorrect, thus leading {diffierential misclassification

bias and recall bias. Suckab may result in a decreased likelihood of detecting an association even if it
exists. Bias may also be introduced from surrogate interviews, in which exposure information is obtained
from second hand parties (e.g., trealth cargorovider or spouse). Rally, given the recent
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